Abstract. The nephroblastoma overexpressed (NOV) gene, a member of the CCN gene family that encodes secreted proteins involved in a variety of processes including tumorigenesis, is often altered in a variety of tumors, including osteosarcoma. Recent studies indicated that NOV promotes osteosarcoma metastasis, but its biological functions and molecular mechanisms on osteosarcoma proliferation have yet to be fully elucidated. The aim of the present study was to examine the role of NOV in osteosarcoma biology. Reverse transcriptionpolymerase chain reaction (RT-PCR) and western blot analysis were performed to characterize the endogenous expression of NOV in osteosarcoma cell lines. Recombinant adenovirus expressing NOV/siNOV (AdNOV/AdsiNOV) was used to infect osteosarcoma cell lines with a relatively low/high endogenous NOV expression to determine the functional relevance of NOV expression to osteosarcoma cell growth and migration in vitro, respectively. As a result, osteosarcoma cell proliferation was significantly reduced by NOV upregulation, indicated by 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltrazolium bromide (MTT), colony forming assay and cell cycle analysis. Cell apoptosis was markedly induced, as indicated by Hoechst 33258 staining assay and flow cytometry (FCM) detection. Despite the antiproliferative effect, NOV-transfected osteosarcoma cells exhibited increased migration ability. The possible molecular mechanisms underlying the biological role of NOV were also investigated. The results demonstrated that NOV increased the phosphorylation of p38 and c-Jun N-terminal kinase (JNK) mitogen-actived protein kinases (MAPKs) in osteosarcoma cell lines. When the phosphorylation of p38 and JNK were inhibited by SB203580 (p38 inhibitor) or SP600125 (JNK inhibitor), respectively, the NOV-induced proliferation inhibition and cell apoptosis were reversed. In conclusion, the results revealed that NOV regulates the tumor growth of osteosarcoma cells through activation of the MAPK signaling pathway and promotes osteosarcoma cell migration in vitro.
Introduction
Osteosarcoma is the most common primary bone cancer in adolescents and young adults (1) . Although treatment modalities have been improved over the past decades, the survival rate of these patients has limited improvement and the 3-5 years of survival rate after amputation is only 5-20% (2, 3) . Therefore, it is particularly important to understand the pathogenesis of osteosarcoma in order to develop novel treatment strategies.
Nephroblastoma overexpressed (NOV) gene maps on chromosome 8q24.1 and was originally identified as aberrantly expressed in avian nephroblastoma induced by myeloblastosisassociated virus (4) . NOV belongs to the CCN family of genes, which comprises five additional members: cystein-rich protein 61 (Cyr61), connective tissue growth factor (CTGF), Wnt-1-induced secreted protein (WISP)-1, WISP-2 and WISP-3 (5) . The CCN genes encode secreted proteins of 35-48 kDa associated with the extracellular matrix (ECM) and cell membrane, which are involved in the regulation of various cell functions such as proliferation, differentiation, migration, attachment, angiogenesis and tumorigenesis (6) . These genes are expressed in all derivatives of the three embryonic sheets and are involved in the development of kidney, nervous system, muscle, bone marrow, cartilage and bone (7) .
Unlike other CCN family members Cyr61 and CTGF, NOV has been less studied and the functions of NOV protein among different tissues are inconsistent and sometimes controversial. NOV was originally described as antiproliferative (8) and its expression was associated with differentiation and growth arrest in Wilm's tumor (9) , rhabdomyosarcomas (10), cartilaginous tumors (11) , renal cell carcinoma (12) and Ewing sarcoma (13) , while more recent data associate NOV expression with increased proliferative index of 3T3 fibroblast (14, 15) and tissue samples of prostate. Furthermore, although NOV reduced the growth rate of renal cell carcinoma and Ewing sarcoma transfectants in vitro, NOV expression was associated with poor prognosis and shown to increase cell motility, resulting in enhanced metastatic potential in these tumors (12, 13) . It has been shown that in osteosarcoma NOV is inversely associated with the expression of liver/bone/kidney alkaline phosphatase isoform (16) , an early marker of osteoblastic differentiation, and has prognostic value of in osteosarcoma (17) . Nevertheless, the effect of NOV on osteosarcoma cell biological behaviors and the underlying molecular mechanisms remain unclear.
P38/MAPK and JNK/MAPK signaling pathways, which have been confirmed to be tightly associated with tumor cell apoptosis (18, 19) , including osteosarcoma (20, 21) , are two important intracellular signaling pathways. Certain studies have suggested that NOV was able to induce cell apoptosis or growth inhibition in various types of cancer through the activation of MAPKs signaling, such as choriocarcinoma, nephroblastoma and Ewing sarcoma (13) . Howerover, whether p38/MPAK and JNK/MAPK signaling pathway activation is involved in the NOV-induced effects of osteosarcoma remains to be elucidated.
Based on the abovementioned studies, we aimed to discuss the effects of recombinant adenovirus (22,23)-mediated NOV overexpression or silencing on osteosarcoma cell lines, as well as to investigate the probable molecular mechanisms underlying these effects. Our studies found that NOV inhibited the proliferation while promoting the apoptosis and migration of osteosarcoma cell lines in vitro and the activation of p38/MAPK and JNK/MAPK signal may be involved in these processes. These results offer a new approach for the treatment of osteosarcoma.
Materials and methods
Cell culture and reagents. The 143B, U2OS, MG-63 and SaOS2 human osteosarcoma cell lines were purchased from the American Type Culture Collection (ATCC, Manassas, Va, Usa). The cells were maintained in Dulbecco's modified Eagle's medium (DMEM; Utah, hyClone, UT, Usa) supplemented with 10% fetal bovine serum (Fbs; Gibco Life Technologies, Carlsbad, CA, USA) and 100 U/ml streptomycin/penicillin at 37˚C in 5% CO 2 . Recombinant adenovirus expressing green fluorescent protein (adGFp), red fluorescent protein (adrFp), NOV (adNOV) with GFp and recombinant adenovirus expressing siRNA targeted NOV (AdsiNOV) with rFp were donated by professor T.-C. he, University of Chicago Medical Center. 3-(4,5)-Dimethylthiazol(-z-yl)-3,5-diphenyltetrazolium bromide (MTT) and dimethyl sulphoxide (DMsO) were obtained from solarbio biology (beijing, China). TRIzol reagent was purchased from Invitrogen-Life Technologies (Carlsbad, CA, USA). Reverse transcription-polymerase chain reaction (RT-PCR) reagents were purchased from Takara (Otsu, Japan). Reverse transcription-quantitative PCR (RT-qPCR) reagents were purchased from Thermo Fisher scientific, (Waltham, Ma, Usa). hoechst 33258 and western blot detection reagents were purchased from the Beyotime Institute of Biotechnology (Jiangsu, China). Rabbit anti-NOV monoclonal antibody was purchased from Abcam (Abcam, Cambridge, MA, USA). Mouse anti-Bax, anti-Bcl-2 monoclonal antibodies were purchased from Santa Cruz Biothechnology, Inc. (Santa Cruz, CA, USA). Rabbit anti-p38, anti-phosphor-p38, anti-JNK, anti-phosphor-JNK polyclonal antibodies were purchased from Immunoway (Immunoway, Newark, DE, Usa). Mouse anti-β-actin monoclonal antibody, and secondary antibodies including hrp-conjugated goat anti-mouse IgG antibody and anti-rabbit IgG antibody were purchased from Zhongshan Goldenbridge Biotechnology (beijing, China). beyoECL was purchased from Millipore (Billerica, MA, USA).
Adenovirus infection. Οsteosarcoma cells (143b) were infected with recombinant adenovirus AdNOV and negative control adGFp, respectively. MG63 osteosarcoma cells were infected with adsiNOV and negative control adrFp, respectively. After being infected for 8-12 h, the medium was replaced with serum-free or low serum DMEM followed by continued cell culturing for subsequent experiments.
Cell viability assay. Cell proliferation was analyzed with the MTT assay. briefly, the cells infected with different adenovirus or blank control were incubated in 96-well plates at a density of 1x10 4 cells/well with DMEM supplemented with 10% Fbs. at the indicated time-points (24, 48 , and 72 h), 20 µl of the MTT reagent (5 mg/ml) was added to each well and the mixture was incubated for another 4 h. The MTT solution was then removed and formazan was dissolved in DMsO for 10 min at room temperature and the color reaction was measured at 492 nm with enzyme immunoassay analyzer (Bio-Rad, Hercules, CA, USA). The experiment was repeated three times and the proliferative activities were calculated for each well.
Colony-forming assay. Osteosarcoma cell lines during the log growth stage were seeded in 6-well culture plates (4x10 2 cells/well) and treated with AdNOV/AdsiNOV, respectively. After incubation for 2 weeks, the cells were stained with crystal violet and clones were counted. The colony-forming rate was obtained using the formula: (colony number/seeded cell number) x 100%. The experiment was repeated three times.
Cell cycle and apoptosis analysis. Cell cycle and apoptosis analysis were assessed by FCM. briefly, the cells were seeded in 6-well plates at a density of 2x10 5 cells/well and treated with relevant adenovirus for 48 h. Log-phase cells from each group were harvested by centrifugation. After being washed twice with ice-cold PBS and resuspended, an aliquot of samples were fixed with pre-cold 75% enthanol at 4˚C overnight. The remaining samples were added into apoptosis analysis solution and then analyzed by a FaCsVantage sE flow cytometer (becton-Dickinson, san Jose, Ca, Usa). Each experiment was performed three times.
Hoechst 33258 staining assay. The Hoechst staining assay was performed according to the manufacturer's instructions using the Hoechst 33258. The cells seeded in 24-well plates were treated with adenovirus for 48 h and then washed twice with cold pbs. The cells were fixed with 4% paraformaldehyde for 10 min and continued to be washed twice with PBS. Two hundred mililiters of 1:1,000 Hoechst staining solution was added to each well and the cells were incubated for 30 min at room temperature in the dark. The cells were then washed twice with PBS and viewed under a UV microscope. Each experiment was performed three times.
Transwell chamber migration assay. Cell migration assay were performed by 24-well Transwell chambers (8 µm pore size; Millipore). briefly, the cells (5x10 4 /400 µl) treated with different adenovirus in serum-free DMEM were seeded onto the upper chambers and fresh DMEM (600 µl/well) containing 20% Fbs was added to the bottom chambers. after 24 h, cells that migrated to the underside of the filter were fixed with methanol and stained with crystal violet, and counted under brightfield microscopy. The experiments were repeated three times.
RNA extraction, RT-PCR and RT-qPCR analysis.
Total RNA was extracted from osteosarcoma cells in different groups using TRIzol reagent, according to the manufacturer's instructions. First-strand DNa was synthesized using the reverse Transcriptase M-MLV (RNase H) kit with random hexamer primers. Touchdown PCR analysis determining the gene expression level was performed under the following conditions: 95˚C x 5 min for one cycle, 12 cycles at 95˚C x 30 sec, 68˚C x 30 sec (with a decrease of 1 degree/cycle) and 72˚C x 30 sec and 25 cycles at 95˚C x 30 sec, 55˚C x 30 sec, and 72˚C x 30 sec, 72˚C x 10 min for 1 cycle. pCr products were separated by electrophoresis on a 2% agarose gel. The expression level of mrNa were normalized to GapDh. RT-qPCR was run in the Rotor-Gene 6000 Real-Time PCR machine (Corbett Research, Sydney, Australia) using SYBR Premix Ex Taq (Thermo) with the following protocol: initial activation of hotstar Taq DNa polymerase at 95˚C for 10 min, then 45 cycles of 95˚C for 5 sec and 60˚C for 20 sec. GapDh was used as an internal control. The primer efficiencies were confirmed to be high (>90%) and comparable (Table I) . Data were analyzed according to the 2 -ΔΔCt method. The expression level of mrNa were normalized to GapDh. Three separate experiments were performed for each group.
Western blot assay. briefly, osteosarcoma cells with different treatments were lysed with RIPA buffer, then centrifuged for 30 min at 4˚C and supernatants were collected. The protein concentration was determined by the BCA assay. Cell extracts were boiled for 10 min in loading buffer and then an equal amount of cell extracts was separated on 10% sDs-paGE gels and transferred subsequently onto pVDF membranes. after blocking with 5% BSA (Bovine Serum Albumin, Solarbio) in TBST, the membranes were probed with the primary antibody and incubated at 4˚C overnight. horseradish peroxidase-conjugated secondary antibodies were added at a dilution ratio of 1:5,000 and incubated at 37˚C for 1 h. protein levels were quantified using the supersignal West pico Chemiluminescent Substrate kit. Three separate experiments were performed for each group.
Inhibition of p38 and JNK with specific inhibitors and its effects on the NOV-induced antiproliferative effect and apoptosis of 143B cells.
The cells were treated with 10 µM SB203580 (p38 inhibitor) or 20 µM SP600125 (JNK inhibitor) for 30 min, followed by treatment with adGFp or adNOV for the indicated time points. Following treatment for 48 h, the phosphorylation of p38 and JNK was detected by western blot analysis. At the same time, the expression of Bax and Bcl-2 was detected by western blot analysis. The experiments were repeated three times.
Statistical analysis. Data are presented as the means ± standard deviation (sD) from at least three independent experiments. One-way analysis of variance (ANOVA) was used to analyze the differences between groups and the LsD method of multiple comparisons was used when the probability for aNOVa was statistically significant using Graphpad prism 5 and spss 17.0. statistical significance was set at p<0.05.
Results
The endogenous expression of NOV in osteosarcoma cell lines. In the present study, the endogenous expression of NOV in human 143B, U2OS, MG-63 and SaOS2 osteosarcoma cell lines was evaluated using rT-pCr analysis (Fig. 1a) . as shown in Fig. 1a , the mrNa expression level of NOV in these osteosarcoma cell lines was different. The expression level was significantly higher in MG63 cells although obviously lower in 143B cells as compared to the remaining cells. The result was confirmed by rT-qpCr (Fig. 1b) and western blot assays (Fig. 1C) . Thus, we selected 143b and MG63 
NOV is successfully overexpressed in 143B cells and interfered in MG63 cells.
To identify the role of NOV in osteosarcoma cell lines, recombinant adenovirus AdNOV and AdsiNOV were used to infect 143B and MG63 cell lines, respectively. In the present study, the infection efficiency of adNOV and adsiNOV in 143b and MG63 cell lines was >60% under fluorescence microscopy (Fig. 2a) . In addition, rT-pCr (Fig. 2b) , rT-qpCr (Fig. 2C ) and western blot assays (Fig. 2D) were performed at 48 h recovery to measure the expression level of NOV after adenovirus infection. An obvious increase of NOV expression was observed in the AdNOV group compared with the adGFp and control groups (p<0.01 and p<0.05) in 143B cells, while a marked decrease of NOV expression was found in the adsiNOV group compared with the adrFp and control groups in MG-63 cells (p<0.05) (Fig. 2b and C) . These data indicated that NOV was successfully overexpressed in 143B cells and interfered in MG63 cells.
NOV inhibits cell viability of osteosarcoma cells.
To investigate the effects of NOV on cell growth, osteosarcoma cells were treated with AdNOV and AdsiNOV, respectively, for 24, 48 and 72 h, and cell viability was examined by MTT assay (Fig. 3a and b) . as shown in Fig. 3a and b, the cell viability of 143b cells treated with adNOV was significantly inhibited at 48 h (p<0.05) and was more significant at 72 h (p<0.01), whereas the cell viability of MG63 cells treated with adsiNOV was significantly promoted at 48 h (p<0.05) and 72 h (p<0.05). Thus, we selected 48 h as the time-point for the remaining experiments. Furthermore, after treatment with adNOV for 2 weeks, we found a significant decrease in colony formation in the AdNOV group and the colonyformation rate decreased by 23% in 143B cells compared with that of the adGFp and control groups (p<0.01), while a slight increase in colony formation in the AdsiNOV group in MG63 cells, compared with that of the adrFp and control groups (p>0.05, Fig. 3C ).
NOV induces cell cycle arrest in osteosarcoma cell lines.
Cell cycle arrest plays a crucial role in the process of cell proliferation. Flow cytometric assay was used to detect the change of the cell cycle induced by NOV expression (Fig. 3D) (Fig. 3D) .
NOV stimulates apoptosis of osteosarcoma cell lines in vitro.
To evaluate apoptotic cell death in osteosarcoma cells after adNOV/adsiNOV treatment, flow cytometric assay (Fig. 4a) , hoechst staining (Fig. 4b) , rT-qpCr (Fig. 4C and D) and western blot analysis (Fig. 4E) were performed. In Fig. 4a it is shown that the apoptotic rate of 143b cells was significantly increased from (5.23±2.61) to (11.91±2.29)% (p<0.01) compared to the adGFp groups following treatment with AdNOV for 48 h, whereas the apoptotic rate of MG63 cells was significantly reduced as compared to that of the adrFp groups after adsiNOV treatment for 48 h (p<0.05). staining with hoechst 33258 (Fig. 4b ) was used to visualise the apoptosis induced by NOV expression, and extensive nuclear condensation and cell fragmentation were observed. Moreover, a significant increase in bax expression and a parallel bcl-2 decrease was observed in 143B cells after NOV overexpression, while the contrary result was evident in MG63 cells after adsiNOV infection (p<0.05 and p<0.01, Fig. 4C-E) .
NOV promotes osteosarcoma cell migration in vitro.
Cell migration plays a crucial role in the process of tumor metastasis. In the present study, Transwell migration assay was used to detect the change in cell migration induced by NOV. After treatment with adenovirus for 24 h, the number of transmembrane cells in the NOV upregulation group increased significantly compared with the control group in 143b and MG63 cells (p<0.05 and p<0.01, Fig. 5 ).
NOV-induced activation of the MAPK signaling pathway in osteosarcoma cell lines.
It has been previously reported that activation of p38/MAPK and JNK/MAPK signaling pathway was associated with cell apoptosis. To determine whether NOV expression is involved in activation of the MAPK signaling pathway in osteosarcoma cell lines, we detected and analyzed the phosphorylation of MAPKs in cell lysates of osteosarcoma cells in different groups by western blot analysis ( Fig. 6a and b) . The results showed that NOV overexpression enhanced the phosphorylation of p38 and JNK/MAPKs in 143B cells, whereas downregulated NOV had an obvious suppressant effect on the phosphorylation of MapKs in MG63 cells (p<0.05 and p<0.01, Fig. 6a and b) . These results demonstrated that NOV enhances the activity of the MAPK signaling pathway (p38 and JNK) in osteosarcoma cell lines.
Impact of the inhibition of MAPK signaling on NOV-induced apoptosis of osteosarcoma cells.
To investigate whether activation of the MAPK signaling pathway is involved in the NOV-induced apoptosis of osteosarcoma cells, the specific inhibitors of p38 (SB203580) and JNK (SP600125) were used to pre-treat the 143B cells. We detected the phosphorylation of MapKs by western blot analysis (Fig. 7a) and found that the NOV-induced phosphorylation of p38 and JNK was reversed by sb203580 (p<0.05) and sp600125 (p<0.05), respectively. Cell viability was measured by MTT assay (Fig. 7b) . We found that both sb203580 and sp600125 significantly suppressed the NOV-induced antiproliferative effect at 48 h (p<0.05) and 72 h (p<0.05). at the same time, we detected changes in the expression levels of Bax and Bcl-2 in the presence and absence of sb203580 or sp600125 (Fig. 7C) . We found that the NOV-induced upregulated expression of Bax was reversed by sb203580 (p<0.05) and sp600125 (p<0.05), while the downregulated expression of Bcl-2 was also reversed by SB203580 (p<0.05) and sp600125 (p<0.01) in 143b cells. These results suggested that the promotive role of NOV in the apoptosis of osteosarcoma cells may be mediated by the phosphorylation of p38 and JNK.
Discussion
Osteosarcoma is a high-mortality cancerous tumor localized at the end of metaphysis, which is most prevalent in children and young adults. Although early diagnosis and timely treatment have greatly enhanced the survival rates, the patients have a poor prognosis because of the high rate of lung metastasis and drug resistance (24) . Tumor microenvironment, which contains large amounts of ECM generated by tumor cells including growth factors, chemotactic factors and matrixdegrading enzymes, is greatly associated with tumorigenesis, development and metastasis by influencing the proliferation, apoptosis, migration and invasion of tumor cells (25) . As mentioned earlier, it is necessary to elucidate a novel strategy that efficiently inhibits the progression of osteosarcoma.
NOV, also known as CCN3, is a matricellular protein encoded by the NOV gene, that can interact with numerous cell-surface receptors and participate in various pathological physiological activities including tumor (26) (27) (28) . NOV interacts with the integrin receptor of cell surface to trigger intracellular signal trans duction and activate downstream signaling pathways, thus regulate the occurrence and development of tumor. NOV has been shown to play different roles in various types of tumors. A previous study demonstrated that NOV expression was associated with the prognosis judgment of osteosarcoma (17) . Nonetheless, the biological foundation of this effect and the exact role of NOV expression in the progression of osteosarcoma has not been extensively clarified. Therefore, in the present study, we investigated the effects of NOV on the proliferation, apoptosis and migration of osteosarcoma cells and the possible underlying mechanisms.
In the present study, we firstly evaluated the endogenous expression of NOV in human osteosarcoma cell lines through PCR and western blot analysis and found it was different among the cell lines. Thus, we selected adenovirus-mediated NOV overexpression/downregulation to investigate the effects of NOV on different osteosarcoma cell lines. The present results showed that NOV overexpression had a significant inhibitory effect on osteosarcoma 143B cell viability in a time-dependent manner, whereas NOV silencing induced opposite effects in MG63 cells. These results have shown an inhibitory effect of NOV overexpression on cancer cell growth including renal cell carcinoma and Ewing sarcoma (12, 13) , which is consistent with previous studies. A possible explanation for the growth inhibition is cell cycle arrest or apoptosis increase. Our results derived from FCM indicated that NOV overexpression may induce cell cycle arrest in the G1 phase in 143B cells, while its downregulation reversed the effect in MG63 cells, leading to increased cell proliferation ability. Since the G1 phase is necessary for the material and energy preparation for DNa replication into the subsequent S period, the abnormity of this phase may inevitably lead to the obstacles of DNa replication and eventually cause the inhibition of cell proliferation (29) . At the same time, we found that NOV expression induced cell apoptosis of osteosarcoma cell lines. Bax and Bcl-2 are two primary proteins that are often used as markers for cell apoptosis (30, 31) . Our results showed a marked increase of Bax and a decrease of Bcl-2 in the AdNOV group compared with the adGFp and CON groups in 143b cells, but a decrease of bax and an increase of Bcl-2 in AdsiNOV group compared with the adrFp and CON groups in MG63 cells, further comfirming that NOV may promote the apoptosis of osteosarcoma cells.
p38/MapK and JNK/MapK are two major pathways for malignant progression in various tumors. It has been confirmed that they are involved in mediating apoptosis signals that cause cell death (32) . Integrin receptor-dependent signaling pathways may activate P38/MAPK and JNK/MAPK, thereby promoting the phosphorylation of Bcl-2, the expression of Bax and induce the apoptosis of tumor cells (33, 34) . Moreover, previous findings have shown that NOV induced cell apoptosis or growth inhibition in many types of cancer through activation of the MAPK signaling pathway (35, 36) . Therefore, we detected the effects of NOV on the MAPK signaling pathway in osteosarcoma cell lines. Our results show that NOV expression enhanced the phosphorylation of p38 and JNK in osteosarcoma cells in vitro. Furthermore, the phosphorylation of p38 and JNK was inhibited by the specific inhibitors, SB203580 and SP600125, respectively. The results from the present study also demonstrate that NOV-induced cell proliferation inhibition and apoptosis was reversed by SB203580 and SP600125, suggesting that NOV is involved in osteosarcoma cell apoptosis by activating the MAPK signaling pathway. These results are consistent with those of previous findings for Ewing sarcoma (13) .
Besides participating in the growth and prognosis, NOV also exerted effects on the adhesion, migration and invasion of tumor cells (7) . Previous studies indicated that NOV activated pI3K/aKT and NF-κB signaling pathways by combining with αvβ3 integrin receptor, thus promoting the transcription and expression of transfer relevant factors (37) . Nonetheless, with regard to Ewing sarcoma, NOV overexpression reduced the expression of integrin α2β1 at the transcription level, thus reducing tumor cell anchor activity and promoting migration, and caused the abnormal distribution of MMP-9, leading to MMP-9 overexpression on the cell surface and promoting invasion (13) . Our Transwell migration results demonstrated that the migration ability of osteosarcoma was greatly enhanced in 143B cells following NOV overexpression and markedly inhibited in MG63 cells after NOV silencing, which was consistent with previous findings for Ewing sarcoma. We hypothesized that the integrin receptor may also be involved in this progression, but whether it was consistent with Ewing sarcoma needs to be further examined. In combination with other clinical reports concerning NOV upregulation in primary osteosarcoma, it was identified that NOV overexpression has a close relationship with the high metastatic rate of osteosarcoma. Findings of previous clinical studies investigating the prognostic value of NOV including osteosarcoma patients receiving chemotherapy (17) , showed that primary osteosarcoma cells with a low expression of NOV were easily eliminated using chemotherapeutic drugs due to their high proliferative capacity. By contrast, cells with NOV upregulation show hyposensitivity to drugs because of its lower proliferation and higher migration ability, thus making it possible for distant metastasis to occur. Therefore, NOV overexpression has a tendency to promote osteosarcoma progression in the clinic.
To the best of our knowledge, in the present study, we first confirmed that NOV expression can inhibit cell proliferation, while promoting the apoptosis and migration of osteosarcoma cell lines in vitro. We also demonstrated that NOV expression-induced phosphorylation of p38/MAPK and JNK/MAPK may be involved in these progressions. These results offer an experimental basis for further clarification of the effects of NOV on osteosarcoma and its probable mechanism. Furthermore, our results indicate that NOV overexpression may prove to be a valuable tool for inhibiting cancer growth. Future studies to elucidate the relationship between NOV and osteosarcoma are required.
